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ARTÍCULO  ORIGINAL
ABSTRACT 
Pinus subsection Australes is a group of North American hard pines comprising approximately 29 ecologically 
and economically important tree species distributed throughout North and Central America and the Caribbean 
Islands. Previous studies have shown that some species of this subsection share plastid DNA haplotypes, a 
pattern that is attributed to introgressive hybridization or the retention of ancestral polymorphisms. Here we 
describe the morphological and plastid haplotype diversity for this group of species in the states of Guerrero 
and Oaxaca, Mexico. Seven species of Pinus subsection Australes are recognized in the study area, one of 
which, P. patula, includes two varieties. Seven variable sites and nine haplotypes were found in an 840 b.p. 
fragment of the DNA coding region ycf1. Shared haplotypes were found for P. patula var. patula, P. patula 
var. longipedunculata, P. herrerae, and P. tecunumanii. Four of the nine haplotypes found were restricted to 
Oaxaca. Although plastid DNA genealogies are valuable for studying evolution in this group, greater sampling 
of individuals and the inclusion of more variable sites are needed to more accurately infer species relationships. 
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Diversidad de especies y distribución de haplotipos de ADN del plastidio
de Pinus subsección Australes(Pinaceae) en Guerrero y Oaxaca
RESUMEN
Pinus subsección Australes es un grupo de pinos duros de América del Norte que comprende aproximadamente 
29 especies de árboles importantes económicamente y ecológicamente distribuidos a lo largo de toda 
América del Norte y Central y las Islas Caribeñas. Estudios previos han mostrado que las especies de esta 
subsección a menudo comparten haplotipos de ADN de plastidio, un patrón que es atribuido a la hibridación 
LQWURJUHVLYD\ ODUHWHQFLyQGHSROLPRUÀVPRVDQFHVWUDOHV$TXtGHVFULELPRV ODGLYHUVLGDGGHKDSORWLSRVGH
SODVWLGLR\ODPRUIRORJtDSDUDHVWHJUXSRGHHVSHFLHVHQORVHVWDGRVGH*XHUUHUR\2D[DFD0p[LFR6LHWH
especies de Pinus subsección Australes son reconocidas en el área de estudio, una de las cuales, P. patula 
LQFOX\HGRVYDULHGDGHV6LHWHVLWLRVYDULDEOHV\QXHYHKDSORWLSRVIXHURQHQFRQWUDGRVDPSOLÀFDQGRXQIUDJPHQWR
GHSEGH$'1GHODUHJLyQFRGLÀFDQWHycf1. Se encontraron haplotipos compartidos para P. patula 
var. patula, P. patula var. longipedunculata, P. herrerae y P. tecunumanii. Cuatro de los nueve haplotipos 
HQFRQWUDGRVHVWiQUHVWULQJLGRVD2D[DFD$XQTXHODVJHQHDORJtDVGHJHQHVVRQYDOLRVDVSDUDHVWXGLDUOD
evolución de este grupo, se requieren mayor muestreo de individuos y más sitios variables para la inferencia 
de relaciones entre las especies.
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inus3LQDFHDHDUJXDEO\WKHPRVWHFRORJLFDOO\DQG
HFRQRPLFDOO\ LPSRUWDQW WUHH JHQXV LQ WKH ZRUOG1, 
FRPSULVHV DSSUR[LPDWHO\  VSHFLHV GLVWULEXWHG
QDWXUDOO\LQWHUUHVWULDOHQYLURQPHQWVWKURXJKRXWWKH
INTRODUCTION
P
1RUWKHUQ+HPLVSKHUH2-53LQHVDUHHDVLO\UHFRJQL]HGE\WKHLU
QHHGOHOLNHOHDYHVDUUDQJHGLQIDVFLFOHVRI±DOWKRXJKP. 
monophylla7RUU	)UpPDQGP. californiarum '.%DLOH\
KDYHVROLWDU\QHHGOHVDQGZRRG\VHHGFRQHVZLWKWKLFNHQHG
VFDOH DSLFHV DQG D GRUVDO RU WHUPLQDO XPER D VSHFLDOL]HG
UDLVHGUHJLRQUHVXOWLQJIURPPRUHWKDQRQHVHDVRQRIJURZWK
0H[LFRLVWKHFHQWHURIVSHFLHVGLYHUVLW\IRUSLQHVZLWKPRUH
WKDQRIWKHZRUOG¶VVSHFLHVRFFXUULQJQDWXUDOO\ZLWKLQLWV
borders2-77KHQXPEHURIVSHFLHVUHFRJQL]HGIRUWKHFRXQWU\
KDVYDULHGDPRQJUHFHQWDXWKRUV(FNHQZDOGHU2UHFRJQL]HG
VSHFLHV)DUMRQUHFRJQL]HGDQG*HUQDQGWDQG3pUH]GHOD
5RVD7UHFRJQL]HG
Pinus LV FODVVL¿HG LQ WZR VXEJHQHUD IRXU VHFWLRQV DQG 
VXEVHFWLRQVPinusVXEVHFWLRQ AustralesLVWKHPRVWVSHFLHVULFK
FRPSULVLQJDSSUR[LPDWHO\VSHFLHVGLVWULEXWHGWKURXJKRXW
1RUWK DQG&HQWUDO$PHULFD DQG WKHZHVWHUQPRVW LVODQGV RI
WKH&DULEEHDQH[FHSW-DPDLFD,WLQFOXGHVWKHVRXWKHUQ\HOORZ
SLQHV WKH HJJFRQH SLQHV DQG WKH &DOLIRUQLD FORVHGFRQH
SLQHVDQGLVFODVVL¿HGWRJHWKHUZLWKVXEVHFWLRQVContortae, 
DQGPonderosae in PinusVXEJHQXVPinusVHFWLRQTrifoliaeD
JURXSNQRZQLQIRUPDOO\DVWKH1RUWK$PHULFDQKDUGSLQHV
$OOVSHFLHVRIPinusVXEVHFWLRQAustralesKDYHWZRYDVFXODU
EXQGOHVLQWKHLUOHDYHVDQGPRVWKDYHSHUVLVWHQWIDVFLFOHVKHDWKV
$OOKDYHZRRG\VHHGFRQHVDQGVRPHKDYHVWURQJO\GHYHORSHG
FRQHVFDOHDSRSK\VHVDQGXPERVRIWHQZLWKDPXFUR7KHLU
VHHGVKDYHDQDUWLFXODWHZLQJDQGDUHSULPDULO\ZLQGGLVSHUVHG
1XPHURXVWD[RQRPLFZRUNVKDYHWUHDWHG PinusLQFOXGLQJ
UHJLRQDOÀRUDVWKDWLQFOXGH0H[LFR0RUSKRORJ\DORQHKDV
QRWEHHQVX൶FLHQWWRUHVROYHWKHWD[RQRPLFTXHVWLRQVVXUURXQGLQJ
WKHJHQXV'1$VHTXHQFHVKDYHEHHQYHU\H൵HFWLYHDWFRQ¿UPLQJ
RUUHMHFWLQJWKHPDMRUSLQHOLQHDJHVWKDWZHUHRULJLQDOO\SURSRVHG
EDVHGSULPDULO\RQPRUSKRORJ\DUWL¿FLDOFURVVHVDQGELRFKHPLFDO
VWXGLHV +RZHYHU QDWXUDO DQG DUWL¿FLDO K\EULGL]DWLRQ DUH
UHODWLYHO\ZHOOGRFXPHQWHGLQSLQHV16%RWKK\EULGL]DWLRQDQG
UHWHQWLRQ RI DQFHVWUDO DOOHOHV KDYH REVFXUHG WKH SK\ORJHQHWLF
UHODWLRQVKLSVDPRQJFORVHO\UHODWHGVSHFLHV
,QPRVWRUJDQLVPVVSHFLDWLRQERWKJHQHUDWHVELRORJLFDOGLYHUVLW\
DQGJLYHVULVHWRJHQHJHQHDORJLHVWKDWUHÀHFWWKHKLVWRU\RI
GLYHUJHQFHRIWKHRUJDQLVPVLQZKLFKWKHJHQHVDUHIRXQG7KHVH
KLVWRULHVFDQEHUHFRQVWUXFWHGXVLQJSK\ORJHQHWLFDQDO\VLVDQG
XVHGWRLQIHUWKHSK\ORJHQHWLFUHODWLRQVKLSVDPRQJVSHFLHV,Q
SLQHV K\EULGL]DWLRQ DQG LQFRPSOHWH OLQHDJH VRUWLQJ FDXVH D
UHPDUNDEOHGLVFRQQHFWLRQEHWZHHQLQGLYLGXDOJHQHWUHHVDQG
VSHFLHVUHODWLRQVKLSV$VDUHVXOWPDQ\JHQHWUHHVQHHGWR
EHFRQVLGHUHGVHSDUDWHO\ DOWKRXJKQRW LQ LVRODWLRQ WR IRUP
K\SRWKHVHVUHJDUGLQJVSHFLHVUHODWLRQVKLSV
3ODVWLGHJFKORURSODVW'1$KDVEHHQZLGHO\VWXGLHGLQSLQHV
,QFRQWUDVWWRDQJLRVSHUPVSODVWLG'1$LVSDWHUQDOO\LQKHULWHG
LQFRQLIHUV25,WH[KLELWVORZJHQHWLFGL൵HUHQWLDWLRQLQFRQLIHU
SRSXODWLRQVDQGVSHFLHVUHODWLYH WRPLWRFKRQGULDORUQXFOHDU
'1$WKLV LVEHFDXVHSODVWLGJHQHÀRZLVPHGLDWHGE\ERWK
VHHGDQGSROOHQLQFRQLIHUV262QHUHVXOWLVWKDWVSHFLHVWDNHD
ORQJWLPHWREHFRPH¿[HGIRUDVLQJOHSODVWLG'1$OLQHDJH
DQG VKDULQJRISODVWLG OLQHDJHVE\FORVHO\ UHODWHG VSHFLHV LV
RIWHQREVHUYHG
:HFKRVHDVRXUVWXG\DUHDWKHSROLWLFDOERXQGDULHVPDUNHGE\
*XHUUHURDQG2D[DFD7KHVHVWDWHVDUHORFDWHGRQWKHVRXWKHUQ
3DFL¿FFRDVWRI0H[LFR*XHUUHURRFFXSLHVNP2DQGLV
WKHIRXUWHHQWKODUJHVWVWDWHLQWKHFRXQWU\DQG2D[DFDRFFXSLHV
NP2DQGLVWKH¿IWKODUJHVW7KHSULQFLSDOPRXQWDLQ
UDQJHLQWKHVHVWDWHVLVWKH6LHUUD0DGUHGHO6XUZKLFKH[WHQGV
WKURXJK -DOLVFR &ROLPD VRXWKHUQ 0LFKRDFiQ WKH 6WDWH RI
0H[LFR0RUHORV3XHEOD*XHUUHURDQG2D[DFDDQGLVERUGHUHG
WRWKHQRUWKE\WKH7UDQVYHUVH0H[LFDQ9ROFDQLF%HOW%RWK
*XHUUHURDQG2D[DFDDUHKLJKO\GLYHUVHLQVSHFLHV)RUH[DPSOH
VSHFLHVRISODQWVKDYHEHHQUHSRUWHGIRU2D[DFDPRUH
WKDQDQ\RWKHUVWDWHLQWKHFRXQWU\)RXUWHHQSLQHVSHFLHVKDYH
EHHQUHFRJQL]HGIRU*XHUUHURDQGIRU2D[DFD6HYHQRI
WKHVHVSHFLHVEHORQJWRPinusVXEVHFWLRQAustrales
7KLVLVWKH¿UVWFRPSDUDWLYHVWXG\WRLQWHJUDWHPRUSKRORJLFDO
DQDWRPLFDODQGPROHFXODUFKDUDFWHUVLQSLQHVRI*XHUUHURDQG
2D[DFD0H[LFR2XUREMHFWLYHVDUHWREHWWHUXQGHUVWDQGWKH
PRUSKRORJLFDOGLYHUVLW\RIPinusVXEVHFWLRQAustralesLQWKHVH
WZRVWDWHVDQGWRIXUWKHUGRFXPHQWZKLFKVSHFLHVLQWKLVJURXS
VKDUHSODVWLG'1$KDSORW\SHV
MATERIALS AND METHODS
'ULHGVSHFLPHQVZHUHREWDLQHGIURPWKH,QYHQWDULR1DFLRQDO
)RUHVWDO DQG WKH 1DWLRQDO +HUEDULXP 0(;8 1LQHW\
LQGLYLGXDOV ZHUH H[DPLQHG PRUSKRORJLFDOO\ )LJXUH 
$SSHQGL[  0RUSKRORJLFDO PHDVXUHPHQWV RI QHHGOHV
VHFRQGDU\OHDYHVIDVFLFOHVKHDWKVVHHGFRQHVDQGSHGXQFOHV
ZHUH WDNHQ IURPGULHGFROOHFWLRQV$OOPHDVXUHPHQWVZHUH
PDGHZLWKDUXOHUDQGH[SUHVVHGLQFP)RUQHHGOHDQGIDVFLFOH
VKHDWKPHDVXUHPHQWV  DUELWUDULO\ FKRVHQ IDVFLFOHVZHUH
PHDVXUHG6HHGFRQHDQGSHGXQFOHPHDVXUHPHQWVZHUHEDVHG
RQDVLQJOHPDWXUHFRQHSHULQGLYLGXDO)LJXUH7UDQVYHUVH
VHFWLRQVZHUHPDGHIURPWKHPHGLDOSDUWRIOHDYHV¿[HGLQ
IRUPDOGHK\GHDFHWLFDFLGDOFRKRO)$$DQGH[DPLQHGZLWK
DQ2O\PSXVVWHUHRPLFURVFRSH7KHQXPEHUVRIVWRPDWDOOLQHV
RQWKHDED[LDODQGDGD[LDO OHDIVXUIDFHVZHUHFRXQWHGDQG
REVHUYDWLRQVZHUHPDGH RI WKH GHUPDO WLVVXHVPHVRSK\OO
DQGHQGRGHUPLV
6WDWLVWLFDO DQDO\VHV ZHUH SHUIRUPHG LQ 5 YHU  1LQH
YDULDEOHVZHUHDQDO\]HGLQLQGLYLGXDOVIRUZKLFKZHFRXOG
REWDLQDFRPSOHWHVHWRIPHDVXUHPHQWVVKHDWKOHQJWKQXPEHU
RIDED[LDOVWRPDWDQXPEHURIDGD[LDOVWRPDWDQHHGOHOHQJWK
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QHHGOHQXPEHUFRQHOHQJWKFRQHZLGWKFRQHSHGXQFOHOHQJWK
DQGFRQHSHGXQFOHZLGWK)RXULQGLYLGXDOVZLWKVHVVLOHFRQHV
ZHUHDVVLJQHGDSHGXQFOHOHQJWKRIWRDYRLGXVLQJ]HURV
2QHZD\ $129$V ZHUH SHUIRUPHG WR WHVW IRU VLJQL¿FDQW
GL൵HUHQFHVDPRQJVSHFLHVIRUHDFKRIWKHQLQHYDULDEOHV:KHQ
VLJQL¿FDQW RXWFRPHVZHUH REWDLQHG WKH7XNH\PHWKRGZDV
XVHGDVDSRVWKRFWHVWWRLGHQWLI\ZKLFKVSHFLHVKDGVLJQL¿FDQW
GL൵HUHQFHVEHWZHHQWKHLUPHDQV3ULQFLSDOFRPSRQHQWVDQDO\VLV
3&$ZDVXVHGWRH[SORUHWKHUHODWLYHLPSRUWDQFHRIWKHOHDI
DQGFRQHYDULDEOHVIRUH[SODLQLQJRYHUDOOYDULDQFHLQWKHGDWD
3&$ZDVUXQRQWKHFRUUHODWLRQPDWUL[UHVXOWLQJIURPWKHORJ
WUDQVIRUPHGYDULDEOHVZLWKWKHLUPHDQVFHQWHUHGDQGUHVFDOHG
/HDIRUVHHGPHJDJDPHWRSK\WHWLVVXHZDVSXOYHUL]HGZLWKD
7LVVXH/\VHU4LDJHQDQGJHQRPLF'1$ZDVH[WUDFWHGIURP
OHDYHVZLWKWKH&7$%PHWKRGRUIURPVHHGPHJDJDPHWRSK\WH
WLVVXHXVLQJD:L]DUG*HQRPLF'1$3XUL¿FDWLRQ.LW3URPHJD
([WUDFWLRQV ZHUH HOXWHG LQ EX൵HU UHK\GUDWLRQ VROXWLRQ
3URPHJDDQGVWRUHGDW&7KHSUHVHQFHRIJHQRPLF'1$
ZDVFRQ¿UPHGE\HOHFWURSKRUHVLVLQDJDURVHJHOVWDLQHGZLWK
*HO5HG%LRWLXP,QF
7KH¿UVWSODVWLGJHQRPHRUSODVWRPHUHSRUWHGIRUDSLQHZDV
WKDWRIP. thunbergii 3DUOLWZDVESDQGFRPSRVHG
RISURWHLQFRGLQJJHQHVULERVRPDO51$JHQHVW51$
JHQHVDQGQXPHURXVLQWURQVDQGLQWHUJHQLFVSDFHUV9DULDEOH
VLWHV DUH QRW GLVWULEXWHG HTXDOO\ WKURXJKRXW WKH JHQRPH ,Q
DGGLWLRQWRGL൵HUHQFHVEHWZHHQSURWHLQDQG51$FRGLQJUHJLRQV
DQGLQWURQVDQGLQWHUJHQLFVSDFHUVQRQFRGLQJUHJLRQVWKHUHLV
YDULDWLRQLQVXEVWLWXWLRQUDWHVDPRQJWKHGL൵HUHQWFRGLQJUHJLRQV
7KHWZRPRVWYDULDEOHH[RQVLQSLQHSODVWRPHVDUHFDOOHGycf1 
DQGycf2ERWKKDYHDQHOHYDWHGQRQV\QRQ\PRXVVXEVWLWXWLRQ
UDWHDQGDFRQVLGHUDEOHQXPEHURILQGHOVUHVXOWLQJLQFKDQJHV
LQWKHDPLQRDFLGVHTXHQFHVRIWKHSURWHLQVWKDWWKH\HQFRGH
:HHYDOXDWHGYDULDWLRQLQDQESIUDJPHQWRIycf1 in Pinus 
VXEVHFWLRQAustrales 7KLV IUDJPHQW UHSUHVHQWV  RI WKH
WRWDOJHQH OHQJWKZLWK UHVSHFW WR WKHP. thunbergii UHIHUHQFH
SODVWRPHDQQRWDWLRQ'1$DPSOL¿FDWLRQZDVFDUULHGRXWXVLQJ
WKHSRO\PHUDVHFKDLQUHDFWLRQ3&57KH¿QDOFRQFHQWUDWLRQV
IRUWKH3&5ZHUHDVIROORZV;%X൵HUP0RI0J&O2, 
P0RIHDFKG173ȝ0RIIRUZDUGDQGUHYHUVHSULPHUV
DQG8RIUHFRPELQDQWTaqSRO\PHUDVH5HDFWLRQVZHUH
Figure 1. The collection localities for the individuals included in this study.
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FDUULHGRXWDVIROORZV&PLQî&PLQ&
PLQ&PLQ&PLQ&PLQ7KHSULPHUV
XVHGZHUH3W)¶WFDWWWFJDDWFWWWFJJDWWW¶DQG3W5
¶WDFFDJDDWFJJDFJWJWFD¶7KH3&5SURGXFWVZHUH VHQW
WR WKH8QLYHUVLW\RI:DVKLQJWRQ+LJK7KURXJKSXW*HQRPLF
&HQWHU6HDWWOH:DVKLQJWRQIRUSXUL¿FDWLRQDQGVHTXHQFLQJ
7KHVDPHSULPHUVXVHGIRU3&5ZHUHXVHGIRUVHTXHQFLQJ
6HTXHQFHUHDGVZHUHDVVHPEOHGDQGHGLWHGLQ*HQHLRXVYHU
56HTXHQFHVZHUHDOLJQHGPDQXDOO\LQ%LR(GLWYHU
$KDSORW\SHQHWZRUNZDVLQIHUUHGXVLQJVWDWLVWLFDOSDUVLPRQ\
DW DFRQ¿GHQFH OHYHOZLWK7&6YHU1XFOHRWLGH
GLYHUVLW\ʌWKHDYHUDJHQXPEHURIQXFOHRWLGHGL൵HUHQFHVSHU
VLWHZDVDOVRHVWLPDWHGZLWK'QD63YHU
RESULTS
Morphology and leaf anatomy
Pinus leiophylla6FKLHGHH[6FKOWGO	&KDPLVWKHRQO\VSHFLHV
RIWKLVJURXSLQWKHVWXG\DUHDZLWKGHFLGXRXVIDVFLFOHVKHDWKV
D FKDUDFWHU WKDW LV RWKHUZLVH DOPRVW H[FOXVLYH WR VRIW SLQHV
(PinusVXEJHQXVStrobusPinus lawsonii5RH]OH[*RUGRQKDV
QRQGHFXUUHQWEUDFWVRQLWVEUDQFKHVDQGFRQHSHGXQFOHFRPSDUHG
WR GHFXUUHQW EUDFWV LQP. pringlei 6KDZ 2XUPHDVXUHPHQWV
RI QHHGOH OHQJWKV FRLQFLGHG ZLWK SUHYLRXV ZRUNV 7KH
QXPEHURIOHDYHVSHUIDVFLFOHIRUP. leiophyllaZDVUHSRUWHGWR
YDU\IURP±±WKURXJKRXWLWVQDWXUDOUDQJHKRZHYHU
ZHRQO\IRXQGQHHGOHVLQIDVFLFOHVRIRUYHU\LQIUHTXHQWO\
7KHQXPEHURIOHDYHVSHUIDVFLFOHIRUP. teocote6FKLHGHH[
6FKOWGO	&KDPZDVUHSRUWHGE\WKHVDPHDXWKRUV WRYDU\
IURP±KRZHYHUZHIRXQGRQO\RUYHU\RFFDVLRQDOO\
OHDYHVSHUIDVFLFOH
$Q$129$)WHVWLQGLFDWHGWKDWVWDWLVWLFDOGL൵HUHQFHVH[LVWHG
DPRQJ VSHFLHV PHDQV IRU DOO QLQH PRUSKRORJLFDO YDULDEOHV
HYDOXDWHGSUHVXOWVQRWVKRZQ)RUH[DPSOHPHDQ
IDVFLFOHVKHDWKOHQJWKVZHUHVLJQL¿FDQWO\GL൵HUHQWS
IRURIVSHFLHVSDLUVPHDQQXPEHUVRIDED[LDOVWRPDWD
ZHUHVLJQL¿FDQWO\GL൵HUHQWIRURIVSHFLHVSDLUVPHDQ
QHHGOHOHQJWKZDVVLJQL¿FDQWO\GL൵HUHQWIRURIVSHFLHV
SDLUVDQGPHDQFRQHOHQJWKZDVVLJQL¿FDQWO\GL൵HUHQWIRU
RIVSHFLHVSDLUV
$IWHUORJWUDQVIRUPDWLRQWKHSDLUVRIYDULDEOHVZLWKWKHKLJKHVW
FRUUHODWLRQVZHUHVKHDWKOHQJWKYHUVXVQHHGOHOHQJWKU 
DQGWKHQXPEHURIDED[LDOYHUVXVGRUVDOVWRPDWDOURZVU 
)RUWKH3&$VWKHFXPXODWLYHYDULDQFHIRUWKH¿UVWVHFRQGDQG
Figure 2. Morphological diversity of seed cones for Pinus subsection Australes in Guerrero and Oaxaca. A. Pinus herrerae González 
& Martínez 770. B. Pinus lawsonii Soto Núñez et al. 5307. C. Pinus leiophylla Reyes 1989. D. Pinus oocarpa Yescas de los Ángeles 
75712. E. Pinus patula var. patula Bautista Martínez 73310. F. Pinus patula var. longipedunculata Trejo 3053. G. Pinus pringlei Rico 
489. H. Pinus teocote Román 335. Photographs by Carmen Loyola.
TIP Rev.Esp.Cienc.Quím.Biol.96         Vol. 19, No. 2
WKLUG FRPSRQHQWVZHUH  DQG UHVSHFWLYHO\
6HYHQFRPSRQHQWVZHUHQHHGHGWRH[SODLQ!RIWKHYDULDQFH
7KHYDULDEOHVZLWKWKHKLJKHVWDEVROXWHORDGLQJYDOXHVIRUWKH
¿UVWFRPSRQHQWZHUHQHHGOHOHQJWKQXPEHURIDED[LDO
VWRPDWDDQGQXPEHURIDGD[LDOVWRPDWD1HHGOH
QXPEHUZDVWKHRQO\YDULDEOHZLWKDQHJDWLYHYDOXH
7KHYDULDEOHVZLWKWKHKLJKHVWDEVROXWHORDGLQJYDOXHVIRUWKH
VHFRQGFRPSRQHQWZHUHFRQHSHGXQFOHOHQJWKQHHGOH
QXPEHU  DQG SHGXQFOH ZLGWK  7KH YDULDEOH
ZLWKWKHKLJKHVWQHJDWLYHYDOXHIRUWKHVHFRQGFRPSRQHQWZDV
QXPEHURIDED[LDOVWRPDWD
7KH UHVXOWV RI WKH VWDWLVWLFDO DQDO\VHV FRLQFLGHG ZLWK RXU
REVHUYDWLRQ WKDW WKH PRVW XVHIXO FKDUDFWHUV IRU LGHQWLI\LQJ
VSHFLHVRIPinusVXEVHFWLRQAustralesLQ*XHUUHURDQG2D[DFD
ZHUH OHQJWK RI WKH IDVFLFOH VKHDWK DQG QHHGOHV WKH QXPEHU
RI URZV RI VWRPDWDO OLQHV DQG VHHG FRQH SHGXQFOH OHQJWK
TXDOLWDWLYH YDULDEOHV VXFK DV SHUVLVWHQFH RI IDVFLFOH VKHDWKV
DQG VHYHUDO DVSHFWVRI WKH VHHGFRQH VFDOHZHUH DOVRXVHIXO
7DEOH,9DULDWLRQLQ WKHOHQJWKRUZLGWKRI WKHVHHGFRQHV
RYHUODSSHGJUHDWO\DPRQJVSHFLHVPinus herrerae0DUWtQH]
KDGWKHVPDOOHVWFRQHVRIDOOVSHFLHVPHDVXULQJ±FPLQ
OHQJWK7KHVKDSHRIWKHDSRSK\VLVDQGXPERRIWKHFRQHVFDOH
ZDVXVHIXOIRUGLVWLQJXLVKLQJP. oocarpa 6FKLHGHP. pringlei, 
P. lawsoniiDQGP. herrerae
7KH DQDWRPLFDO FKDUDFWHUV RI VHFRQGDU\ OHDYHV WKDW ZHUH
FRPSDUHGZHUH WKH WKLFNQHVV RI WKH K\SRGHUPDO FHOOZDOOV
SUHVHQFH RU DEVHQFH RI K\SRGHUPDO FHOO LQWUXVLRQV LQWR WKH
PHVRSK\OO DQG SRVLWLRQ DQG QXPEHU RI UHVLQ FDQDOV LQ WKH
PHVRSK\OO7DEOH,,(QGRGHUPDOFKDUDFWHUVZHUHQRWFRQVLGHUHG
KHUH$OOFKDUDFWHUVFRLQFLGHGZLWKRUZHUHZLWKLQWKHUDQJHRI
YDULDWLRQUHSRUWHGLQSUHYLRXVVWXGLHV
7KH WKLFNQHVV RI K\SRGHUPDO FHOO ZDOOV ZDV XVHIXO IRU
GLVWLQJXLVKLQJ P. lawsonii DQG P. teocote ,QWUXVLRQV RI
K\SRGHUPDOFHOOVLQWRWKHPHVRSK\OOZHUHREVHUYHGLQVRPH
WUDQVYHUVHVHFWLRQVRIP. lawsoniiEXWQHYHULQP. teocote7KH
SRVLWLRQRIUHVLQFDQDOVZDVOHVVYDULDEOHLQWKHVHWZRVSHFLHV
WKDQKDVEHHQUHSRUWHGLQVWXGLHVWKDWWDNHLQWRDFFRXQWWKHLU
HQWLUHJHRJUDSKLFDOGLVWULEXWLRQUHVLQFDQDOVZHUHLQDQ
LQWHUQDO SRVLWLRQ LQ FRQWDFWZLWK WKH HQGRGHUPLV IRU ERWK
VSHFLHV 5HVLQ FDQDOV LQ D PHGLDO SRVLWLRQ QRW LQ FRQWDFW
ZLWKK\SRGHUPLVRUHQGRGHUPLVZHUHUDUH2QO\P. oocarpa 
KDGUHVLQFDQDOVLQDVHSWDOSRVLWLRQLQFRQWDFWZLWKERWKWKH
HQGRGHUPLVDQGWKHK\SRGHUPLV/HDIDQDWRPLFDOFKDUDFWHUV
ZHUHDOVRXVHIXOIRUFRQ¿UPLQJPRUSKRORJLFDOLGHQWL¿FDWLRQV
RIP. patulaQRQHRIWKHVHLQGLYLGXDOVDJUHHGLQOHDIDQDWRP\
HJ QRQH KDG¿YH UHVLQ FDQDOVZLWK WKHPRUSKRORJLFDOO\
VLPLODUP. tecunumaniiDVSHFLHVUHSRUWHGIRU2D[DFDE\)DUMRQ
	6W\OHV6EXWVXEVHTXHQWO\H[FOXGHG7KHQXPEHURIUHVLQ
FDQDOVLQWKHPHVRSK\OOZDVW\SLFDOO\IRUDOOVSHFLHVH[FHSW
P. oocarpaDQGWRDOHVVHUH[WHQWP. pringlei±
,GHQWLÀFDWLRQNH\ IRUPinus subsection Australes in 
Guerrero and Oaxaca
)DVFLFOHVKHDWKVGHFLGXRXVQHHGOHVLQIDVFLFOHVRI±
FPORQJP. leiophylla 
¶ )DVFLFOH VKHDWKV SHUVLVWHQW ± FP ORQJ QHHGOHV LQ
IDVFLFOHVRI±
1HHGOHVLQIDVFLFOHVRI±±FPORQJFRQHSHGXQFOH
±FPORQJVHHGFRQHVRYRLGWRVXEJORERVHP. oocarpa
Taxon Fascicle 
sheath
Fascicle 
sheath 
length (cm)
Leaves 
per 
fascicle
Leaf 
length 
(cm)
Number 
of abaxial 
stomatal rows
Peduncle 
length 
(cm)
Cone 
length 
(cm)
Umbo shape
P. herrerae SHUVLVWHQW ± ± ± ± ± ± VOLJKWO\UDLVHG
P. lawsonii SHUVLVWHQW ± ± ± ± ± ± ÀDWWRVOLJKWO\
UDLVHG
P. leiophylla GHFLGXRXV 1 5 ±  ± ± ÀDWWRVOLJKWO\
UDLVHG
P. oocarpa SHUVLVWHQW ± 5 ± ±±± ± ± XVXDOO\ÀDW
P. patula SHUVLVWHQW ± ±± ±  ± ± ÀDWRUVOLJKWO\
UDLVHG
P. patulaYDU
longipedunculata
SHUVLVWHQW ± ±± ± ± ± ± ÀDWRUVOLJKWO\
UDLVHG
P. pringlei SHUVLVWHQW ± ± ± ±± ± ± VOLJKWO\UDLVHGWR
VXES\UDPLGDO
P. teocote SHUVLVWHQW ± ± ± ±± ± ± ÀDWRUUDLVHG
Table I. Morphological characters of Pinus subsection Australes species in Guerrero and Oaxaca.
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¶1HHGOHVLQIDVFLFOHVRI±±FRQHSHGXQFOHFP
ORQJVHHGFRQHVRYRLGDWWHQXDWH
1HHGOHVGURRSLQJWRSHQGHQWLQIDVFLFOHVRI±±
FPORQJURZVRIVWRPDWDRQDED[LDOIDFH±DGD[LDO
FRQHVHVVLOHRUZLWKSHGXQFOHFPORQJP. patula
¶1HHGOHVVSUHDGLQJRUHUHFWLQIDVFLFOHVRI±
%UDFWVQRQGHFXUUHQWQHHGOHV±FPORQJ
P. lawsonii
¶%UDFWVGHFXUUHQW
3ULFNOHVRQFRQHVFDOHXPERSHUVLVWHQW
1HHGOHVZLWK±URZVRIVWRPDWDRQDED[LDO
IDFH ± DGD[LDO FRQH SHGXQFOH ± FP
ORQJ î ± FP ZLGH    P. patula YDU
longipedunculata
¶1HHGOHVZLWK±DED[LDOURZVRIVWRPDWD
RQ DED[LDO IDFH ± DGD[LDO FRQH SHGXQFOH
±FPORQJî±FPZLGHP. pringlei
¶3ULFNOHVRQFRQHVFDOHXPERGHFLGXRXV
1HHGOHOHQJWK±FP±URZVRIVWRPDWD
RQDED[LDOIDFH±DGD[LDOP. herrerae
¶1HHGOHOHQJWK±FP±±URZVRI
VWRPDWDRQDED[LDOIDFHDGD[LDOP. teocote
,QWUDDQGLQWHUVSHFLÀFFRPSDULVRQRISODVWLG'1$
sequences and haplotypes
7KHFRPSOHWHSODVWLG'1$VHTXHQFHPDWUL[RILQGLYLGXDOV
KDGDWRWDORIVHYHQYDULDEOHVLWHVVL[RIWKHVLWHYDULDQWVZHUH
SUHVHQWLQPRUHWKDQRQHLQGLYLGXDOSDUVLPRQ\LQIRUPDWLYH
1XFOHRWLGHGLYHUVLW\ʌIRUDOOVSHFLHVFRQVLGHUHGWRJHWKHU
ZDV7KHKDSORW\SHGLYHUVLW\+GZDV7KH
VHYHQYDULDEOH VLWHVZHUHGLVWULEXWHG DPRQJQLQHGL൵HUHQW
KDSORW\SHV¿YHRIZKLFKZHUHVKDUHGE\WZRRUPRUHVSHFLHV
7DEOH,,,
7KHVHTXHQFHVRIDOO WKH LQGLYLGXDOVZHUHXVHG WRFRQVWUXFW
DKDSORW\SHQHWZRUN)LJXUH+DSORW\SHRFFXUUHGDWWKH
KLJKHVWIUHTXHQF\Q DQGZDVVKDUHGE\WKHIRXUVSHFLHV
P. lawsonii, P. oocarpa, P. pringleiDQGP. teocote,WZDVQHDU
WKH FHQWHU RI WKH QHWZRUN ZLWK WKUHH FRQQHFWLRQV WR RWKHU
KDSORW\SHV7KHVDPHIRXUVSHFLHVDOVRVKDUHGWKHVHFRQGPRVW
FRPPRQKDSORW\SHKDSORW\SHQ 2QO\RQHRIWKHVHIRXU
VSHFLHVP. oocarpaVKDUHGDKDSORW\SHZLWKRWKHUVSHFLHVLQWKH
DUHDKDSORW\SHQ ZLWKP. leiophyllaDQGP. herrerae,Q
FRQWUDVWWKHWZRYDULHWLHVRIP. patulaRQO\VKDUHGKDSORW\SHV
ZLWKHDFKRWKHUDQGZLWKP. herrerae+DSORW\SHWKHIRXUWK
PRVWIUHTXHQWLQWKHQHWZRUNQ ZDVVKDUHGDPRQJWKHVH
WKUHH WD[D+DSORW\SH Q  ZDVPDGHXSRI VHTXHQFHV
IURPWKHWZRYDULHWLHVRIP. patulaLWKDGWKHPRVWFRQQHFWLRQV
IRXUWRRWKHUKDSORW\SHVLQWKHQHWZRUN7KHUHPDLQLQJIRXU
KDSORW\SHVIRXQGLQP. lawsonii, P. teocote, P. patulaDQGP. 
patulaYDUlongipedunculataHDFKRQO\RFFXUUHGRQFH
DISCUSSION
0RUSKRORJ\LVFHQWUDOIRUWKHVWXG\RIWD[RQRP\,WSHUPLWVWKH
GRFXPHQWDWLRQRIWD[RQRPLFOLPLWVJHRJUDSKLFGLVWULEXWLRQDQG
SKHQRW\SLFYDULDWLRQ,WLVRIWHQDOVRXVHIXOIRUWKHGHWHFWLRQ
RIK\EULGV,QSLQHVDGLYHUVLW\RIOHDIW\SHVQRWDEO\EUDFWV
DORQJWKHEUDQFKHVIDVFLFOHVKHDWKVDQGVHFRQGDU\QHHGOHV
DUHXVHIXO IRU LGHQWLI\LQJVSHFLHVDVDUHVHHGFRQHVL]HDQG
VKDSH OHQJWKRI WKHSHGXQFOH DQGPRUSKRORJ\RI WKH FRQH
VFDOHDSH[1HHGOHDQDWRP\KDVORQJEHHQXVHGWRGHOLPLWRU
LGHQWLI\ VSHFLHV RI SLQHV6,11-12 &DUHIXO VWXG\ RIPRUSKRORJ\
DQGQHHGOHDQDWRP\KDVWKHSRWHQWLDORILGHQWLI\LQJSXWDWLYH
QDWXUDOK\EULGV7KHGLVWULEXWLRQRIWKHVSHFLHVVWXGLHGKHUHKDV
EHHQGHVFULEHGSUHYLRXVO\EXW¿QHU VFDOH LQIRUPDWLRQ LV
VWLOOODFNLQJ)XUWKHU¿HOGH[SORUDWLRQDQGKHUEDULXPZRUNDUH
QHHGHGWREHWWHUHVWDEOLVKWKHJHRJUDSKLFGLVWULEXWLRQRIWKHVH
Taxon Hypodermal cell 
shape
Hypodermal cell intrusions 
into mesophyll
Number of resin 
canals
Resin canal position
P. herrerae ELIRUPH DEVHQW  LQWHUQDO
P. lawsonii PXOWLIRUPH SUHVHQW ± LQWHUQDO
P. leiophylla WKLFN DEVHQW ± LQWHUQDO
P. oocarpa WKLFN DEVHQW 5 VHSWDO
P. patula WKLFNRUPXOWLIRUPH SUHVHQW ± PHGLDODQGLQWHUQDO
P. patulaYDU
longipedunculata
WKLFNRUPXOWLIRUPH SUHVHQW ± PHGLDODQGLQWHUQDO
P. pringlei ELIRUPHRU
PXOWLIRUPH
SUHVHQW ± LQWHUQDO
P. tecunumanii WKLFN DEVHQW  PHGLDO
P. teocote WKLFN DEVHQW ± LQWHUQDO
Table II. Leaf anatomical characters of Pinus subsection Australes species in Guerrero and Oaxaca. Pinus tecunumanii is also 
included for comparison (see text).
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VSHFLHV LQ VRXWKHUQ0H[LFRDQG WRFDSWXUH WKH IXOO UDQJHRI
PRUSKRORJLFDODQGPROHFXODUYDULDWLRQRIVSHFLHVZLWKUDQJHV
WKDWH[WHQGEH\RQG*XHUUHURDQG2D[DFD
)RUHVWPDQDJHPHQWSUDFWLFHVPD\EHDOWHULQJWKHJHRJUDSKLF
GLVWULEXWLRQRIWUHHWD[DLQWKHDUHDLWLVLPSRUWDQWWRHVWDEOLVK
WKHLUQDWXUDOGLVWULEXWLRQVDQGGHWHUPLQHLILQWHUVSHFL¿FJHQH
ÀRZLVEHLQJSURPRWHGE\KXPDQDFWLYLWLHVSDUWLFXODUO\WKH
SODQWLQJ RI HFRQRPLFDOO\ LPSRUWDQW VSHFLHV RXWVLGH RI WKHLU
QDWXUDOUDQJHRIGLVWULEXWLRQ
7KHES IUDJPHQWRISODVWLG'1$FKDUDFWHUL]HG LQ WKLV
VWXG\ R൵HUV FRUURERUDWLQJ HYLGHQFH RI VKDUHG SODVWLG '1$
KDSORW\SHV LQ 1RUWK $PHULFDQ SLQHV $ SUHYLRXV VWXG\
WKDW LQFOXGHG D  ES SODVWLG '1$ DOLJQPHQW IRU ±
LQGLYLGXDOVSHUVSHFLHVRIPinusVXEVHFWLRQAustralesUHFRYHUHG
DOO KDSORW\SHV DV PRQRSK\OHWLF E\ VSHFLHV IRU P. herrerae 
WKUHH LQGLYLGXDOV P. leiophylla IRXU LQGLYLGXDOV DQG P. 
teocote WKUHHLQGLYLGXDOV+RZHYHULQWKLVVWXG\ZHUHSRUW
DP. herrerae LQGLYLGXDO DQGDP. oocarpa LQGLYLGXDOZLWK
WKH W\SLFDO KDSORW\SH RIP. leiophylla DQG WZR KDSORW\SHV
)LJXUH3ODVWLG'1$KDSORW\SHQHWZRUNIRUWKHVWXG\VSHFLHV7KHDUHDRIWKHFLUFOHVLVSURSRUWLRQDOWRKDSORW\SHIUHTXHQF\
Table III. Plastid DNA haplotype variation in fragment ycf1 (sequence of primer 5’-3’) and their distribution in the pine species 
sampled.
Haplotype 
Number
208 311 326 470 717 797 819 N Species
 T & T * & * $  P. lawsonii, P. oocarpa, P. pringlei, P. teocote
 T & T * & * &  P. lawsonii, P. oocarpa, P. pringlei, P. teocote
7 * $ T * $ * $ 6 P. herrerae, P. leiophylla, P. oocarpa
6 T $ T * & T $ 5 P. herrerae, P. patula, P. patulaYDUlongipedunculata
5 T $ T * & * $ 2 P. patula, P. patulaYDUlongipedunculata
 T $ $ * & T $ 1 P. patula
 T $ T T & * $ 1 P. patulaYDUlongipedunculata
2 T & T T & * & 1 P. lawsonii
1 T $ T T & T $ 1 P. teocote
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in P. teocote WKDWDUHZLGHVSUHDG LQRWKHU VSHFLHVRIPinus 
VXEVHFWLRQAustrales)XUWKHUHYLGHQFHRIVKDUHGKDSORW\SHV
SUHYLRXVO\UHSRUWHGDWDEURDGHUJHRJUDSKLFDOVFDOHZDVDOVR
IRXQGZLWKLQWKHVWXG\UHJLRQIRUP. lawsonii, P. oocarpa, 
P. pringleiDQGP. teocote
6KDULQJRISODVWLGKDSORW\SHVPD\EHZLGHVSUHDGDPRQJFORVHO\
UHODWHG VSHFLHVRI FRQLIHUV DQG VRPHRWKHU WUHHJHQHUD7KH
WZRSURFHVVHVPRVWOLNHO\UHVSRQVLEOHIRUWKLVSKHQRPHQRQLQ
SLQHVDUHLQWURJUHVVLYHK\EULGL]DWLRQDQGLQFRPSOHWHOLQHDJH
VRUWLQJ 7KHVH SURFHVVHV DUH SUREDEO\ PRVW ZLGHVSUHDG LQ
JURXSV RI UHFHQWO\ GLYHUJHG VSHFLHV VXFK DV ZLWKLQ Pinus 
VXEVHFWLRQPonderosaeDQGPinusVXEVHFWLRQAustrales, or in 
\RXQJSXWDWLYHVSHFLHVSDLUVVXFKDVWKH0H[LFDQZKLWHSLQHV
P. ayacahuite DQG P. strobiformis22 /HVV SODVWLG KDSORW\SH
VKDULQJ KDV EHHQ UHSRUWHG IURP RWKHU FRQLIHU OLQHDJHVZLWK
IHZHUUHFHQWO\GLYHUJHGVSHFLHVVXFKDV1RUWK$PHULFDQSLQ\RQ
SLQHV6RPHUHFHQWO\GLYHUJHGOLQHDJHVVXFKDVP. caribaea 
RIPinus VXEVHFWLRQAustrales DOVR VKRZ OLWWOH HYLGHQFHRI
VKDUHGKDSORW\SHVSRVVLEO\GXHWROHVVFRRFFXUUHQFHZLWKFORVH
UHODWLYHVDQGVPDOOHUH൵HFWLYHSRSXODWLRQVL]HV'LVWLQJXLVKLQJ
EHWZHHQ LQWURJUHVVLYH K\EULGL]DWLRQ DQG LQFRPSOHWH OLQHDJH
VRUWLQJFDQEHDFKLHYHGE\FRPSDULQJWKHJHQHDORJLFDOSDWWHUQV
RISODVWLG'1$ZLWKWKRVHRIQXFOHDUDQGPLWRFKRQGULDO'1$
ERWKRIZKLFKDUHOLNHO\WRUHVXOWLQGL൵HUHQWSDWWHUQVWKDQWKRVH
IRXQGZLWKSODVWLG'1$)XUWKHUHYLGHQFHRIK\EULGL]DWLRQFDQ
DOVR EH GRFXPHQWHG WKURXJKPRUSKRORJLFDO DQG DQDWRPLFDO
VWXGLHV
CONCLUSIONS
*XHUUHURDQG2D[DFDDUHULFKLQVSHFLHVRIPinusVXEVHFWLRQ
Australes7KH\ RFFXU ERWK DOORSDWULFDOO\ DQG V\PSDWULFDOO\
WKURXJKRXW WKHPRQWDQH UHJLRQVRI WKH VWDWH$OWKRXJK WKH\
FDQ EH GLVWLQJXLVKHG PRUSKRORJLFDOO\ WKH\ IROORZ D PRUH
JHQHUDOL]HGSDWWHUQLQ1RUWK$PHULFDQKDUGSLQHVRIVKDULQJ
SODVWLG'1$OLQHDJHVDVDUHVXOWRILQWURJUHVVLYHK\EULGL]DWLRQRU
LQFRPSOHWHOLQHDJHVRUWLQJ,QIHUULQJSODVWLG'1$JHQHDORJLHV
LVRIXQTXHVWLRQDEOHYDOXHIRUVWXG\LQJHYROXWLRQLQWKHJURXS
EXW LW LV LPSRUWDQW WR EH DZDUH WKDW DGHTXDWH LQIUDVSHFL¿F
VDPSOLQJDQGLQFOXVLRQRIVX൶FLHQWYDULDEOHVLWHVDUHQHHGHG
IRUSODVWLG'1$JHQHDORJLHVWREHLQIRUPDWLYHZLWKUHVSHFWWR
VSHFLHVUHODWLRQVKLSV
)XWXUH VWXGLHV VKRXOG LQFRUSRUDWH UDQJHZLGH VDPSOLQJ RI
VSHFLHV WR FDSWXUH WKHLU IXOO UDQJH RI YDULDWLRQ 6HTXHQFHV
IURPPXOWLSOHXQOLQNHGPDUNHUVFRPELQHGZLWKPRUSKRPHWULF
DQDO\VLVVKRXOGSHUPLWPRUHDFFXUDWHGHWHFWLRQRILQWHUVSHFL¿F
JHQHÀRZLQWKHSUHVHQFHRILQFRPSOHWHOLQHDJHVRUWLQJ
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APPENDIX 1. SPECIMENS EXAMINED. ALL ARE DEPOSITED IN MEXU.
Pinus herrerae Martínez
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&HUUR)DLViQ0$-XiUH]2PLOWHPL&KLOSDQFLQJR-$3pUH]GHOD5RVD&DPLQR3DUDtVR//R]DGD$
Pinus lawsonii Roezl ex Gordon
México. Oaxaca$UUR\R&DQJDUHF25RGUtJXH]6DQWDPDUtD/D2FRWHUD25RGUtJXH]6DQWDPDUtD
$UUR\R$UWHPLR5H\HV*5,]DJXLUUH<ixH]%DUUDQFD3HORQD-&&DOYLOOR*DUFtD(O=DFDWyQ-=~xLJD
5H\HV$JXD&ROD-=~xLJD3LQR*RUGR2-3pUH]0DUWtQH]1DQFKH5%RTXHGDQR3HUDOWD
Guerrero. ([VX\R-&&DOYLOOR*DUFtD/D/DJXQD-&&DOYLOOR*DUFtD(O&KDXGH$-)RUWRXO
9HODVFR
Pinus leiophylla Schiede ex Schltdl. & Cham. 
México. Oaxaca/D3ODJD5%DTXHGDQR3HUDOWD0RQWHGH7HVRUR-5H\HV6DQWLDJR0LDKXDWOiQ(+XQQ
6DQWD0DUtDGHO5RVDULR$-)RUWRXO9HODVFR,[WOiQ$*DUFtD0HQGR]DGuerrero/D*XLWDUUD
$-)RUWRXO9HODVFR/D&XOHEUD$-)RUWRXO9HODVFR
Pinus oocarpa Schiede ex Schltdl. 
México. Oaxaca(O&RUROyQ(O5HWpQ7<HVFDVGHORVÈQJHOHV$JXD)UtD7<HVFDVGHORVÈQJHOHV/RPD
GHO&KLÀH7<HVFDVGHORVÈQJHOHV/D(UPLWD-/)ORUHV1LFDQRU/D&DVFDGD(0DUWtQH]9
5DQFKR9LHMR7<HVFDVGHORVÈQJHOHVGuerrero/D6LGUD-&%DXWLVWD0DUWtQH]$JXDGH2ELVSR-&
&DOYLOOR*DUFtD/D&RVFROLQD2-3pUH]0DUWtQH](O(UPLWDxR-&&DOYLOOR*DUFtD7LHUUD%ODQFD
-&&DOYLOOR*DUFtD
Pinus patula Schltdl. & Cham. var. patula
México. Oaxaca. 7HUUDFHUtD/D9HQWD-5H\HV/D&LPD0,$OYDUDGR)ORUHV/RPDWLFR-&%DXWLVWD
0DUWtQH]
Pinus patula var. longipedunculata Loock ex Martínez 
México. Oaxaca$VHUUDGR/DV9LJDV-$3pUH]GHOD5RVD6DQ-XDQ7HSHX[LOD57RUUHV&ROtQ6DQWD
0DUtD<DYHVtD,7UHMR
Pinus pringlei Shaw
México. Oaxaca1HEUyQ-=~xLJD5H\HV/D&DRLOOD2MRGH$JXD0,$OYDUDGR)ORUHV(O&KDQHTXH
-/)ORUHV1LFDQRU6LODFD\XDSDQ5/XQD0DUWtQH]7UHV&UXFHV-/)ORUHV1LFDQRU6DQ,VLGUR(O
&KLxyQ5/XQD0DUWtQH]%XHQDYLVWD25RGUtJXH]6DQWDPDUtDGuerrero&DMRQHV-&&DOYLOOR*DUFtD
&RFXLWOD]ROD-&&DOYLOOR*DUFtD&7ODFKROR\D-&&DOYLOOR*DUFtD(MLGR(O&DUUD]DO&R\XFD
GH&DWDOiQ(5RGUtJXH],EDUUD+XH[RDSD)5RVDV$JXLODU
Pinus teocote Schiede ex Schltdl. & Cham. 
México. Oaxaca. $JXD&RORUDGD,0DUWtQH]0DUWtQH]&HUUR0DQWHFD-/)ORUHV1LFDQRU<DFXQL0,
$OYDUDGR)ORUHV/D&LpQDJD-/)ORUHV1LFDQRU/D-R\DGHO)UHVQR7<HVFDVGHORVÈQJHOHV
5tR0LOSDV5%DTXHGDQR3HUDOWD%DUUDQFDGHO=RSLORWH-&&DOYLOOR*DUFtD6DQ)UDQFLVFR+LJRV5
/LQD0DUWtQH]Guerrero0HVDGHOD0XMHU$-)RUWRXO9HODVFR6DQ$QGUpV$-)RUWRXO9HODVFR
